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Abstract 
Due to climate change policy decisions, a profound structural change and transformation with the objective of the integration of 
increasing shares of renewable energy into the power supply system will arise. Storable biogas is currently the only energy option 
that is able to provide demand-based renewable electricity. The market-based optimisation model shows the surplus revenue from 
direct marketing in contrast to the EEG feed-in tariff. Further increases of the contribution margin can be achieved with the 
concept of the flexibility premium. 
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Nomenclature 
CHP combined heat and power 
EEG  Erneuerbare-Energien-Gesetz (German RenewableEnergy Act) 
EEX European Energy Exchange 
NPV net present value 
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1. Introduction 
Due to the national climate policy objectives a structural change will occur for power systems in the next few 
decades. Accordingly, this can only succeed with an increasing share of renewable energies, accompanied by certain 
central challenges: a feed-in management, a grid expansion, and a storage capacity requirement. Hereby, questions 
of the market as well as system integration arise. The liberalized European energy markets such as the increasing 
renewable and decentralised electricity production challenge the energy supply companies. While in the former 
regulated environment a few large utilities dominate the energy supply, a variety of smaller suppliers can participate 
in the upcoming competition by market openings. The high complexity and dynamics of the energy economic sector 
result from different cost structures and marketing strategies, particularly because of renewable energies and the 
creation of new markets in rapidly changing political conditions. Especially the weather-dependent production from 
wind power and photovoltaic systems leads to fluctuating residual loads and high volatility in the wholesale market 
for short-term electricity products. Flexibility in generation and trading becomes more valuable. Therefore, different 
marketing forms of a biogas facility are compared and evaluated in this study, because storable biogas is currently 
the only energy option that is able to provide renewable electricity based on demand. 
2. Methodology 
Biogas facilities that are operated as storage power plants generate temporal and local specific electricity. The 
market-based model offers the opportunity to evaluate different configurations of biogas plants and to optimise their 
revenues. The schematic structure of this model is shown in Fig. 1. 
 
 
Fig. 1. Overview of the biogas facility with related parameters. 
In addition to the technical parameters of the combined heat and power (CHP) plant, the size of the gas storage 
facility is variable, provided with different biogas-loading strategies. Feed-in tariffs, direct marketing and additional 
flexibility premium are the selectable options on the marketing side of the biogas model.  
From a technical viewpoint, the output of the optimisation model is a detailed schedule of the biogas facility and 
the gas storage levels in an hourly resolution. From economic perspectives, the optimal weekly marketing strategy 
and corresponding contribution margin are obtained. Therefore, the model considers and observes all selected 
technical and economical restrictions as well as the intertemporal and regulatory constraints of the relevant markets. 
Depending on specific parameters of the biogas facility, the value of the feed-in tariff is determined by 
calculation guidelines of the EEG 2012 (German Renewable Energy Act) [1]. In the course of direct marketing, the 
electricity from renewable energy sources is sold to wholesalers or at the electricity exchange. The market premium 
balances the financial differences between the current spot price obtained on the European Energy Exchange (EEX) 
and the previous EEG feed-in tariff. The management premium should compensate the plant operator for additional 
expenditure and more risk as well as to provide an incentive for market integration. 
The demand-based production can be expanded with a peak-load-CHP. The so-called ‘flexibility premium’ 
promotes the additional installation of retrievable and flexible power to enable a punctual higher generation without 
increasing the total electricity production. 
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Furthermore, the systems can be combined to form a centrally managed virtual power plant that provides 
participation in the balancing markets by the ‘pooling’ concept. Hence, this portfolio is able to overcome the market 
entry barriers. 
3. Results 
In these exemplary studies, the different marketing forms of a biogas plant are compared and evaluated. 
Following to the parameter of the considered biogas facility in Chapter 3.1 the results of the EEG feed-in tariff (Ch. 
3.2), direct marketing (Ch. 3.3) and direct marketing with flexibility premium (Ch. 3.4) are shown. Finally, in 
Chapter 3.5 these results are discussed and integrated in a net present value method (NPV). 
3.1. Biogas Facility 
The relevant model parameters of the biogas facility and the related gas storage are summarised in Tab. 1 and 2. 
 Table 1. Parameter and operating costs of the biogas facility. 
  Biogas power plant 
Nominal power MW 1 
Partial power MW 0,4 
Rated average annual capacity MW 0,85 
Efficiency (nominal) - 0,41 
Efficiency (partial) - 0,36 
Positive power gradient MW/min 0,5 
Negative power gradient MW/min 0,5 
Minimum idle time h 2 
Minimum operating time h 1 
Fuel costs EUR/MWhth 36,89 
Starting costs EUR/start 100 
 
    Table 2. Parameter of the gas storage. 
  Gas storage 
Storage capacity MWh 50 
Initial storage level MWh 0 
Biogas loading-strategy - continuous, hourly 
Biogas feeding MWh 2,2 
 
For this purpose, a configuration with 1 MW power output at a rated average annual capacity1 of 0,85 MW and a 
gas storage volume of 50 MWh by continuous biogas-loading strategy is considered. Furthermore, transaction costs 
for spot market trading in the amount of 0,10 EUR/MWh are assumed. 
 
 
 
 
 
1The rated average annual capacity of an installation shall mean the ratio of the total kilowatt-hours generated in the calendar year in question 
to the total number of full hours for that calendar year. [1] 
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Fig. 2. Course of the day-ahead prices [2]. 
Fig. 2 shows the course of the day-ahead prices for the considered week from 17.06. to 23.06.2013. Various 
typical characteristics of the spot price are visible, especially the high intraday volatility and differences in price 
levels on weekdays and weekends. In the morning and evening peaks with prices up to 55 EUR/MWh arise. At 
nights the spot price falls partly to less than 20 EUR/MWh. In addition, the prices over the weekend are well below 
the weekday level and even reach 0 EUR/MWh on Sunday morning. [2] 
3.2. EEG Feed-In Tariff 
The basic tariff is calculated with a commissioning in 2012, a rated average annual capacity of 0,85 MW and an 
installed capacity of 1 MW to 12,12 ct/kWh and the substance tariff to 5,72 ct/kWh. This results in a guaranteed 
EEG feed-in tariff of 17,84 ct/kWh. 
Because the power plant operator receives this tariff regardless of the feed-in time, he has no need to consider 
any price signals. The biogas facility produces mainly under full load and only in a couple of hours with partial load 
in order to fulfil precisely the rated average annual capacity. With this strategy, the biogas facility generates a 
maximum power output with a minimum resource input and avoids unnecessary efficiency losses. Due to the EEG 
feed-in tariff, a contribution margin of 12.498,63 EUR can be achieved for the considered week. 
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3.3. Direct Marketing 
The market premium is calculated using the guaranteed EEG feed-in tariff of 17,84 ct/kWh (see Ch. 3.2), the 
monthly average of the EEX spot price for June 2013 of 2,78 ct/kWh [2] andadditionally the management premium 
with an amount of 0,30 ct/kWh. Overall, the market premium adds up to 15,36 ct/kWh. 
 
 
Fig. 3. Electricity generation from biogas in comparison to the spot price (Direct marketing). 
In Fig. 3 the results of the variant direct marketing is presented. The current production of the biogas plant is 
based on the development of the spot price. At low price levels by night and on weekends the electricity generation 
is reduced to part load. Whereas, the biogas facility operates under nominal load at times of high spot prices. Again, 
the rated average annual capacity has to be fulfilled. The contribution margin achieves to a total of 13.275,34 EUR. 
3.4. Direct Marketing with Flexibility Premium 
The additional investment in a power output extension of the biogas plant provides the possibility to claim the 
flexibility premium and thus to increase the total contribution margin significantly. In this exemplary case, an 
additional CHP with 1 MW has been constructed. The total power output of the biogas facility is extended to 2 MW, 
but the rated average annual capacity is still 0,85 MW. According to the EEG guidelines, this leads to a flexibility 
premium of 1,75 ct/kWh and raises the market premium to 17,11 ct/kWh. 
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Fig. 4. Electricity generation from biogas in comparison to the spot price (Direct marketing with flexibility premium). 
The results of the direct marketing in combination with the flexibility premium are shown in Fig. 4. Again, there 
is a strong orientation towards the spot prices. The maximum power output is still during the hours with the peak 
prices. The comparison to the schedule of the biogas facility in Fig. 3 makes obvious that there are several hours 
where the plant is idle and bridges periods with low spot price levels. The reason for this is that the biogas facility 
has to meet the rated average annual capacity even if the maximum power output is 2 MW. In some short time-slots 
the operating point is reduced to partial load to avoid additional starting costs and to optimise the revenue of the 
biogas plant. Overall, the contribution margin is 16.047,89 EUR. 
3.5. Discussion  
In Tab. 3 the results of the exemplary optimisations are summarised. 
Table 3. Overview of the results of the exemplary optimisations. 
Variant Power output Contribution margin Difference 
EEG feed-in tariff 1 MW 12.498,63 EUR – 
Direct marketing 1 MW 13.275,34 EUR 776,71 EUR 
Direct marketing+ 
Flexibility premium 
1 MW                 
+ 1 MW 16.047,89 EUR 3.549,26 EUR 
 
A change in the variant from guaranteed feed-in tariff of the EEG to direct marketing with the market premium 
model increases the contribution margin by 6,21 % to 13.275,34 EUR. Thus, a price-orientated production from the 
biogas facility generates larger revenues with the amount of 776,71 EUR. The additional flexibility premium rises 
the contribution margin significantly. An increase of 3.549,26 EUR and by 28,40 % can be achieved. To claim this 
bonus the demand-based production needs to be expanded with a peak-load-CHP. This causes additional investment 
costs for the construction and, therefore, an evaluation with the net present value method is carried out. 
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Fig. 5. Course of the Net Present Value with variation of the additional installed capacity. 
Despite specific investment costs of 600 EUR/kWel for the construction of an additional CHP, a positive net 
present value for a period of 20 years and an interest rate of 8 % p.a. can be achieved. In the context of the 
calculations, it has to be considered that the additional flexibility premium is only paid for a ten-year-period. In Fig. 
5 an incremental parameter variation of the additional installed capacity is shown (from + 0,5 up to + 2,0 MW).  
The maximum NPV appears at doubling the power output. This confirms the politically intended objectives for 
the implementation of the flexibility premium. In the case of an overall 2 MW biogas power plant the net present 
value reaches 411.620,88 EUR. 
4. Summary and Conclusion 
Due to climate change policy decisions as well as subsidy measures, the power supply system will be subject to a 
structural change in the coming decades. These energy concepts lead to a profound transformation with the objective 
of the integration of increasing shares of renewable energy. Hereby, questions of the market as well as system 
integration arise. Storable biogas is currently the only energy option that is able to provide demand-based renewable 
electricity. 
Therefore, biogas facilities generate temporal and local specific electricity if they are operated as storage power 
plants. The market-based optimisation model of this study is able to evaluate different configurations of biogas 
power plants and to optimise their revenues. 
Due to the guaranteed feed-in tariff of the German Renewable Energy Act (EEG), the biogas plant produces 
mainly under full load, regardless of the feed-in time and spot price. A change to the market premium model in the 
context of the direct marketing increases the contribution margin and results in a production schedule based on the 
development of the spot price. The flexibility premium promotes the additional installation of retrievable and 
flexible power and further achieves significant surplus revenues. A variation of the additionally installed CHP 
capacity shows a maximum net present value at doubling the power output. 
For an efficient and safe supply transformation of the energy system, it is necessary to align the electricity 
production from renewables at short and long-term market signals. The power extension under incentive of the 
flexibility premium with simultaneous coordination of the storage volume allows a meaningful operation of the 
combined heat and power plant. 
Biogas facilities can control the electricity production through their storage capability and its flexible operation in 
time, duration and amount. Therefore, a close interaction of the various revenue categories and the demand-
optimised power generation is necessary. 
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